The structures of alkyl radicals generated in several methyl esters of fatty acids by irradiation with UV light were studied by the spin trapping technique. A spin trap, deuterated nitrosodurene, traps alkyl radicals in both saturated and unsaturated esters at the ambient temperature. The trapped radicals and their hyperfine splitting constants from several esters were as follows: pentadienyl radicals (aN= 13
It is known that lipid autoxidation proceeds by a radical chain reaction mechanism and radicals initially produced from lipids are alkyl radicals, which are formed by hydrogen abstraction from the hydrocarbon chain moieties of fatty acids. In general, the reaction produces several kinds of radicals through the formation of alkyl radicals as transient intermediates (e.g. peroxy and alkoxy radicals), together with hydroperoxides and secondary decomposition products from lipids.1~4) Therefore, knowledge regarding the alkyl radicals can be expected to provide information on the mechanism of lipid autoxidation.
Because of their labilities and short lives, the concentration of free radicals in lipids is very low in the steady state. Consequently, detection of these radicals has been difficult and information on the structures of alkyl radicals produced in fatty acids is e xremely limited.5~n)
Previously, we have successfully applied the spin trapping technique to detect alkyl radicals generated in irradiated methyl linoleate at ambient temperature using deuterated nitrosodurene as the spin trap.12) In this report, the spin trapping technique was extended to both saturated and unsaturated fatty acids and the structures of some alkyl radicals are postulated.
MATERIALS AND METHODS

Materials.
Methyl prepared by proton exchange of MS and MO in a basic condition (NaOD),14>15) and their isotopic purities were confirmed by the disappearence of the a-proton signal (<32.2~2.4ppm) from their NMR spectra. All esters (purity>99% by GLC) were chromatographed through a silica gel column just before their use.
The spin trap, deuterated nitrosodurene (DND), was synthesized according to the method described by Terabe. 16) ESR Spectra. The general experimental procedures used were as reported in a previous paper.12) DND was added at 1.5x 10~3m. All spectra were recorded at ambient temperature on a Varian E-4 spectrometer with 100 kHz magnetic field modulation.
Hyperfine splitting constants a re averages of at least three measurements. Monoenoic esters MOand ME were chosen as representative of the monoenoic esters and the ESR spectra obtained from MO and ME were substantially similar to each other. The difference in geometrical isomerism between MO and ME was not reflected in the spectral features. The spectra (Fig. 2) and [methyl-J3]oleate, were prepared and their ESR spectra measured under the same conditions. As shown in Fig. 2 , the ESR spectrum of [methyl-^oleate was unchanged in comparison with the spectrum of nondeuterated MO, while signal B disappeared completely in the spectrum of methyl oleate-2,2-J2. These results suggest that the signal B was assigned to the spin adduct signal which trapped the acarbon radicals, -CH2-CH -COOCH3. The ESR spectrum of ME can also be explained in asimilar manner.
S aturated esters
The ESR spectra of several saturated esters are substantially similar to one another and more complex than those of unsaturated esters (Fig. 3) . The splitting patterns of ESR spectra show that these are composed ofa few kinds of spin adduct signals overlapping each other. To clarify the structure of the spin adducts, the spectra were compared with those from deuterated compounds. The signal B is readily assigned to spin adducts of a-carbon radicals, -CH2-CH -COOCH3, because this signal disappeared after deuteration of the a-proton of MS. Hyperfine splitting constants of this signal are similar to those of signal B for monoenoic esters (Table I) , and the ratio of intensities of signal B to signal A is larger in saturated esters. The signal C was new and had not been observed in unsaturated esters. As this signal was also observed in a degassed benzene solution containing DND alone under UV light irradiation ( Fig. 3-D) , it seems reasonable to deduce that signal C is due to the spin adducts of photodecomposed radicals derived from DND. Signal A with the strongest intensity, consists of a doublet of triplets whose spectral features are similar to those of secondary alkyl radicals observed in unsaturated esters (Table  I) . However, determination of the position of generated secondary alkyl radicals was im- c Methyl oleate and methyl elaidate gave the same spectra. d Signal derived from DND alone (Fig. 3-D In this study DND could trap alkyl radicals generated in all kinds of fatty acid esters after (-CH=CH-CH-) and secondary alkyl radicals (-CH -), and 9.6-10.1 G for a-carbon radicals (-CH2-CH -COOCH3).
The magnitude of /^-hydrogen splitting is mainly governed by the dihedral angle between the Pz-orbital of the nitrogen and the bond of the N-alkyl group, provided that the spin density on the nitrogen is constant. Therefore, /^-hydrogen splitting constants reflect the steric circumstances of nitroxyl groups of the spin adducts. As shown in Table I Differing from the polyunsaturated esters already described, monoenoic esters showed two types of signals, both derived from alkyl radicals. It is reasonable that allyic radicals were the major ones, because their formation had been expected from the structures of hydroperoxides in autoxidized MO. Another signal with small intensity was identified as due to the spin adducts of a-carbon radicals, whose formation was observed from MOfor the first time in this study. Because of thier very low concentration and the instability of their oxygen-added radicals (CH2-CH(COà")-COOCH3), the hydroperoxides derived from a-carbon radicals have not yet been detected.
In saturated esters, two types of spin adducts derived from fatty acid moieties were observed.
The stability of saturated esters to a utoxidation means that they are less subject to hydrogen abstraction than unsaturated esters. The occurrence of spin adducts (signal C in Fig. 3 ) derived from DND itself might be due to the difficulty of proton abstraction from saturated esters. suggested that oxidation occurs preferentially at the a, P and y positions, based on detailed analyses of the thermal oxidation products of a series of saturated triglycerides at 180 and 250°C. This is in agreement with the results of Crossley26) and Enders.27)
Wefound that both a-carbon radicals and secondary alkyl radicals are generated in saturated esters in the ratio of approximately 2 : 3 calculated from the ESR signal intensity. Therefore, the importance of both radicals, especially that of the a-carbon radicals, in the oxidation of saturated esters is suggested 
